The conventional, 10 -8 ' Torr-range, ion-pumped vacuum system of the SLAC 3.2~km linear accelerator is briefly described, along with typical performance data. Since polarized electron sources are of increasing importance to high-energy research, the necessary physical environments for such sources is given, and differential pumping and/or isolation systems capable of maintaining those conditions while protecting both source and accelerator are discussed. The development of microwave superconducting linear accelerators is summarized. Emphasis is on vacuum and materials processing techniques necessary to the maintenance of low surface resistance and high electric and magnetic fields. Problems remaining and prospects for their solution are briefly described, along with details of the physical processes taking place at the vacuum-metal interface.
1.
Accelerator Vacuum System
The vacuum system for the 3.2~km Stanford Linear Accelerator has been , described in detail elsewhere, 192) so only a brief summary will be given here.
The cross-section of the linear accelerator housing and klystron gallery is shown in Fig. 1 . The gauges, pumps, and all valves except for in-line valves " ; 1 isolating one 102-meter accelerator sector from another are located above ground in the klystron gallery. The copper disc-loaded waveguide (shown in closing the 8-cm valve connecting it to the pumping manifold and the waveguide cvacuum valve in its output yadio_frequency (rf) system. Separate pumping systems are provided for rough-pumping the accelerator, for the 61-cm -2-alignment light-pipe, and for the beam switchyard.
Polarized Electron Sources
Certain high-energy physics experiments require a source of longitudinally polarized electrons, whose polarization is known, and which can be reversed upon demand. There are four fairly well-developed methods for producing such electrons:
3)
4)
Photoionization (using unpolarized light) of a Li6 atomic beam which has been state-selected by a sextupole magnet (PEGGY source).
Photoionization using a circularly polarized, frequency doubled dye laser beam incident 'on Cs vapor ( Fano effect source).
Photoemission (using unpolarized light) from ferromagnetic materials (EuO, or Fe) held in longitudinal magnetic fields at temperatures below the Curie point (69'K for EuO).
Field emission from W needles, coated with EuS and held in a longitudinal magnetic field at a temperature below the Curie point.
The first two types of source have,in the 10D7 Torr source region,large quantities of hot alkali metals. Should these find their way into the injector section of the accelerator, the work function of the surfaces is lowered to about 2.5 eV, and the normally present field emission from the section has been calculated to increase by up to a factor 10: and this has been verified by d. c. measurements. In order to prevent such an accident, the arrangement shown in Fig. 6 is being installed with the Li6 source designated as PEGGY, presently under construction at Yale University for use at SLAC.
The rationale is one of protection of the accelerator. Under normal, highvacuum conditions, the refrigerated copper surface traps lithium metal, and effectively prevents its entrance into the accelerator.
3) The most dangerous *.
conditions are those in which the PEGGY source is vented to atmospheric pressure either inadvertently, or by catastrophic failure of the quartz window .
which transmits the ultraviolet radiation used to photoionize the lithium. Under such circumstances, the lithium would be carried into the injector, irrespective of any baffling scheme. Therefore, when the two air-operated valves of In the 55-cavity sections described here, there are 275 BBU modes. In the HEPL SCA all of these have been damped by probes which absorb energy at the BBU .&b frequency, but not at the 1300 MHz fundamental. In fact, the isolation to the fundamental is so high (-10') that the probes are allowed to dissipate all absorbed energy in the helium bath.
3:4 Future Plans at Stanford
A recirculating linear accelerator system has been proposed, which would employ eight 6.2-m accelerating sections; With four recirculations (five passes through the Iinac) a maximum energy of 700 MeV is attainable at 50% duty factor, with the gradients measured above. A prototype of this system, using only four 6.2-m sections, is shown in' Fig. 11 . All four sections are already built, two are installed in the tunnel and are presently under test, as described above.
Outstanding Problems and Research Areas
The theoretically achievable accelerating gradient for Nb structures is about 50 MeV/m. At present, 1300 MHz multi-cavity structures can achieve gradients, as reported, of 3.75 MeV/m at 10% duty factor. Cavities resonant at 2800 MHz show about 1.7 times the gradient of 1300 MHz cavities lo). What is the cause of this limitation ? Electron loading is the principal factor limiting the maximum field in SCA cavities resonant below about' 2 GHz. 7' 8yg) These I electrons are field emitted from regions of the cavity exhibiting high electric r* fields, caused by microscopic surface anomalies which locally enhance the electric field. Electron loading has been investigated by observing x-radiation as a function of various cavity characteristics.
10) It appears that the electric field enhancement factor 0 and the consequent x-radiation level depend on the cavity vacuum, being generally less for permanently evacuated cavities than . for continuously pumped cavities with parts of the vacuum system at room temperature.
The x-radiation data for cavities resonant at 2800 and 1300 MHz are consistent with a statistical model for high P, field-emitting projections, giving appropriately higher emission from the largkr, lower frequency cavities.
There is a considerable body of evidence which is consistent with the existence, at low temperatures, of field emission enhancement by surface states 11)
produced by gases adsorbed on the metal surface and subsequently bombarded by electrons and x-radiation. The Fowler-Nordheim equation for field-emission can be modified to include the effects of electron dynamics in rf fields, xradiation prod&ion, and absorption of x,-radiation by the cavity walls. The 
where C is proportional to the field-emitting area, E is the macroscopic electric field at the metal surface in V/cm, @ is the work function in eV, and v(y) is a well-known, tabulated 12) l/2 -1 function of E $ .
Following a suggestion of the author, and subsequent research at the Stanford Linear Accelerator Center on room-temperature d. c. sputtering
with helium, tihich was demonstrated to significantly reduced field emission, the HEPL group recently showed that the field emission properties of Nb cavities can be improved by selective sputtering with helium gas at low temperatures. A specific low-temperature surface state effect was also observed. rW Pure helium gas was admitted to a pressure of 10 -4 Torr (measured at room temperature), until avalanche ionization was observed in the superconducting I cavity. The pressure was then reduced to below the avalanche level and helium-ion sputter processing began. The field level in the cavity was increased as required to maintain a moderate radiation level (lo-100 mR/h) at a distance of 1 m from the cavity. During processing, the radiation level fluctuated, but the general radiation level progressively decreased for any given field level.
Results of such an experiment are shown in Fig. 12 for an unprocessed cavity, and after 5, 9, 23, and 51 hours of processing. The measured x-radiation values are fitted to the modified Fowler-Nordheim equation. Using the rf power absorbed by the cavity, the average energy gained from the cavity rf fields by an electron, and the time-averaged field emission current density, a value for the effective emitting area can be obtained. The estimated upper bound on the emitting area obtained in this way at the end of processing is 1.5 X lo-' cm2. Since emission areas typically observed for single projections arek3xlO -11 cm2 , there are less than 50 emitting sites. From analysis of the plots in Fig. 12 , an upper bound on the emitting area before processing can be made, and is 3 x I.0 -13 cm2 . This latter value is not consistent with the typically observed area of 3 x 10 -11 cm2 , but is consistent with the interpretation that initially the field emission is dominated by resonant tunneling through surface states. 11) Helium-ion sputter processing quickly removes the adsorbed atoms responsible for resonant tunneling, after which the field emission can be properly described by the Fowler-Nordheim theory. This interpretation allows for the large area increase, since the apparent emitting area associated with resonant tunneling can be as small as a single adsorbed atom. 13) During the later phases of processing, many sites contribute to the emission, and sputtering of the Nb reduces the values of /3, as was observed in the room temperature sputtering experiments.
A furnace has been constructed at HEPL, and a high temperature rf e window has been developed, which allow final high-temperatures processing of the cavity, and pinch-off of the complete unit ready for cryogenic rf testing, in eliminating any gas admission. This research tool should prove very powerful . in investigating the resonant surface state behaviour, and point the way toward possible improvements in attainable energy gradients. 
